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The pharmacokinetics of sparfloxacin were studied in 14 renal failure patients (group I, 7 with creatinine
clearance of >10 to 30 ml/min; and group II, 7 with creatinine clearance of '10 ml/min) after a single oral dose
of400 mg. Plasma and urine samples were collected up to 144 h postdosing for determination of parent and total
(parent-plus-glucuronide-conjugated) sparfloxacin levels, by high-pressure liquid chromatography assay and
UV detection. The elimination of the drug in patients compared with that in healthy volunteers was markedly
impaired. The mean elimination half-lives of sparfloxacin were 34.9 and 38.5 h in group I and group II,
respectively, versus 19.1 h in healthy volunteers. Conjugated drug half-lives were 23.7, 35.0, and 15.3 h,
respectively. The renal clearance of the drug was markedly reduced in the patients, with values of 6.8, 4.8, and
21.2 ml/min determined for group I, group II, and healthy subjects, respectively, for parent sparfloxacin and
with values of 31.5, 14.0, and 327 ml/min for conjugated sparfloxacin. The nonrenal clearance of sparfloxacin
was moderately, but not significantly, decreased in group II renal failure patients. No diference between the two
groups of patients was detected in sparfloxacin levels in plasma. A significant relationship between pharma-
cokinetic parameters and creatinine clearance was observed only for renal clearance of parent or conjugated
sparfloxacin.

A large number of fluorinated 4-quinolones has been devel-
oped in recent years. While there are differences in the details
of their antimicrobial activity, they are all much more active in
vitro than earlier 4-quinolone compounds. Most exhibit the
greatest activity against aerobic gram-negative organisms and
are generally less active against staphylococci, streptococci,
and anaerobia. Sparfloxacin [5-amino-1-cyclopropyl-6,8-di-
fluoro - 1,4 -dihydro -7 - (cis - 3,5 -dimethyl - 1 -piperazinyl) -4 -oxo-
quinoline-3-carboxylic acid; AT-4140; RP 64206] is a new
quinolone with broad antibacterial activity. It is more active
than ciprofloxacin against staphylococci, streptococci, and en-
terococci. Sparfloxacin is more active than ciprofloxacin
against isolates in the Bacteroides fragilis group and against
clostridia. On the other hand, sparfloxacin is less active than
ciprofloxacin against members of the family Enterobacteriaceae
or against Pseudomonas aeruginosa (1, 6, 7, 13).

Studies of young subjects with normal renal function have
shown that sparfloxacin kinetics are mainly characterized by a
long elimination half-life (tl2) of 16 to 20 h (5, 10), low protein
binding (45%) (9), and sole transformation into one inactive
glucuronide conjugate (12). The elimination is mainly nonre-
nal, since parent and conjugated drug urinary excretions
account for approximately 30% of the dose. The purpose of the
present study was to investigate the pharmacokinetics of
sparfloxacin in cases of renal insufficiency after a single oral
dose of 400 mg.

MATERIALS AND METHODS

Fourteen subjects with chronic renal impairment were in-
cluded in the study, which was approved by the Ethical
Committee of the University of Rouen, Rouen, France. They
gave written consent to participate after the aim of the trial was
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explained to them. It was determined that the subjects were in
good health, with the exception of their renal impairment, on
the basis of physical examination, medical history, and labora-
tory tests. Their creatinine clearance (CLCR) had been stable
during the previous 6 months, as assessed by their selection
creatinine levels within ± 40 ,umol/ml. Subjects with a history
of allergy to drugs and subjects with hepatic disease or unstable
or decompensated pulmonary, cardiovascular, gastrointestinal,
or oncologic disease were excluded. A positive hepatitis B or
human immunodeficiency virus test, any antibiotic treatment
within 1 month of the study, or pregnancy excluded the subject
from this study. All previously prescribed concurrent medica-
tion, except barbiturates, phenytoin, antacids, and calcium salts
was continued throughout the study. The control group con-
sisted of six healthy subjects chosen by lot from a separate
single-rising-dose sparfloxacin pharmacokinetic study (10).
The data from these subjects were generated in the same
laboratory, with the same analytical and pharmacokinetic
methods.
The demographic characteristics of the subjects are shown in

Table 1. The patients were divided into two groups on the basis
of glomerular filtration rate, as determined by endogenous
CLCR, which was measured for a 24-h urine period and
corrected for 1.73 m2 of body surface area. Group I included
seven patients, with CLCR of > 10 to 30 m/min per 1.73 m2 of
body surface, and group II included seven patients with CLCR
ranging between 2 and 10 ml/min per 1.73 m2 of body surface.
Group III consisted of six healthy subjects whose CLCR was
estimated to be between 75 and 133 ml/min per 1.73 m2 of body
surface area. CLCR in these subjects was estimated from their
creatinine level in serum by the Cockroft equation (2).
A physical examination and medical history, complete blood

count, platelet count, standard serum chemistry panel, and
12-lead electrocardiogram were performed a maximum of 2
weeks before the study. The physical examination, medical
history, and laboratory tests were repeated on day 7 after
administration. All participants were admitted to the hospital

733



ANTIMICROB. AGENTS CHEMOTHER.

TABLE 1. Mean demographic data for subjects in this study

Mean ± SD for group'
Parameter

I II III

Age (yr) 55 ± 10 (52-69) 56 ± 17 (20-72) 23 ± 3 92028)
CLCR (ml/min/1.73 i2) 22.0 ± 6.3 7.7 ± 2.4 108 ± 16
Creatinine (>.M) at inclusion 437.6 ± 215.8 662.3 ± 164.5 95 ± 10
Gender, M/FV 4/3 5/2 6/0
Ht (cm) 166 ± 11 (156-180) 165 ± 9 (158-181) 180 ± 6 (171-187)
Wt (kg) 70 ± 11 (57-90) 69 ± 12 (57-90) 69 ± 8 (71-83)

a Ranges are indicated in parentheses.
b Estimated by equation of Cockroft.
cM, male; F, female.

at least 24 h before drug administration. During that period, a
baseline 24-h urine collection was obtained for CLCR determi-
nation. An absolute fast, water excepted, was maintained from
midnight until 6 h after drug administration. Each patient
received a single oral 400-mg dose of sparfloxacin administered
as four 100-mg tablets with 100 ml of water.

Blood samples (5 ml), for the renal impairment patients, were
collected in heparinized tubes at the following times: before and
1, 2, 3, 4, 6, 8, 12, 24, 34, 48, 72, 96, and 144 h after drug
administration. For the healthy subjects, blood samples (6 ml)
were collected before dosing and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12,
16, 24,36, 48, 72, 96, and 120 h after drug administration. All the
samples were immediately centrifuged at 1,000 x g for 10 min
at 4°C, and three plasma aliquots were stored at - 20°C until
assayed for sparfloxacin and glucuronide conjugate. Urine sam-
ples from renal impairment patients were obtained before and
at intervals of 0 to 6, 6 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to
96, and 96 to 120 h after drug administration. From healthy
subjects, urine was collected over the following intervals: 0 to 4,
4 to 8, 8 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, and 96 to
120 h after dosing. During the collection periods, the volume
was measured and 10-ml aliquots were stored at - 20°C until
assayed for sparfloxacin and glucuronide conjugate.

Clinical laboratory studies were performed before sparfloxa-
cin administration and at the end of the study. Subjects were
closely observed for signs and symptoms of drug intolerance.
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Analytical method. The concentrations of sparfloxacin in
plasma and urine were determined by reverse-phase high-
pressure liquid chromatography (HPLC) and UV detection for
all the subjects. A semi-automated solid-phase extraction meth-
od was used to extract sparfloxacin from plasma before HPLC,
whereas diluted urine samples were injected directly into the
chromatograph. Since sparfloxacin glucuronide was not avail-
able as a reference standard, conjugated-drug level was deter-
mined as total minus free-drug level, where total drug level
expressed the sparfloxacin level after alkaline hydrolysis of the
sample.

Plasma was centrifuged for 10 min at 1,000 x g at room
temperature before extraction. Plasma (0.5 ml) spiked with 50
Ri of internal standard [RP 41983 or 1-ethyl-6-chloro-1-4,di-
hydro-7-(4-methyl-1-piperazinyl)-4-oxoquinoline-3-carboxylic
acid at 20 ,ug/ml] was placed on an AASP cassette (Varian,
Walnut Creek, Calif.), with an AASP prep station (rinsed
before use with methanol). Washing was done with water, and
elution of drugs from the cassette cartridges was performed
with the HPLC mobile phase. Sparfloxacin and the internal
standard were analyzed with a reverse-phase column (Asahi
PAK OD1, 50; 150 by 6 mm) with UV detection at 364 nm. The
mobile phase consisted of 5% methanol-acetonitrile-acetic
acid (11.6/11.6/76.8, vol/vol/vol). The procedure has been
shown to have a mean intraassay coefficient of variation of 4.8
to 3.7% over the concentration range of 25 to 2,000 ng/ml. The
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FIG. 1. Mean sparfloxacin concentrations in plasma of group I patients (A), group II patients (U), and healthy subjects (0). A single 400-mg
dose of sparfloxacin was administered.
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TABLE 2. Mean pharmacokinetic parameters of parent sparfloxacin following oral administration of 400 mg of sparfloxacina

Cm Tmax (h AUCI44h AUCinf CLP Urinary CLR CLNRGoP (ng/ml) median (ng. h/ml) (ng. h/ml)in (h) (ml/min) (% of dose) (ml/min) (ml/min)

I (n = 7) 1,426 + 645 4 (1-8) 41,680 ± 18,956 44,240 ± 19,173 34.9C ± 9.2 176 ± 72 4.04C ± 1.91 6.8c ± 2.3 169 ± 72
II (n = 7) 1,313 ± 436 4 (4-8) 45,336 ± 10,307 49,387 ± 11,101 38.5c ± 13.4 141 ± 31 3.19c ± 0.94 4.8c ± 1.3 136 ± 31
III (n = 6) 1,094 ± 234 5 (3-6) NAd 31,458 + 5,874 19.1 ± 2.5 218 ± 42 9.70 ± 2.26 21.2 ± 3.3 197 ± 42

a Parameters given are mean values ± standard deviations. CLNR, nonrenal clearance.
b Ranges are indicated in parentheses.
c Significantly different from healthy subjects (P < 0.05).
d NA, not available.

interassay coefficient of variation was below 8% for concentra-
tions of both 1,000 and 50 ng/ml. Urine samples were supple-
mented with internal standard and analyzed without further
processing. Total (parent-plus-conjugated) sparfloxacin was
measured by the same procedures after alkaline hydrolysis (10
min with 1 N NaOH) of the main metabolite, sparfloxacin
acylglucuronide. This last process has been found suitable to
ensure complete hydrolysis of the drug conjugate. Calibration
curves of the drug in plasma typically comprised six standards
with concentrations ranging from 25 to 2,000 ng/ml and 500 to
10,000 ng/ml in urine. The mean calibration curve correlation
coefficients were always higher than 0.999. The quantification
limits were 25 ng/ml in plasma and 500 nglml in urine for the
renal impairment patients and 15 and 250 ng/ml, respectively,
in plasma and urine for healthy subjects.

Pharmacokinetic analysis. Concentration-time data for par-
ent sparfloxacin in plasma were interpreted by a noncompart-
mental approach, and the following pharmacokinetic parame-
ters were computed (16) with the APIS program (4): maximal
level in plasma (Cm.), time to maximal level in plasma (Tm.),
and apparent elimination half-life (t1/2) estimated by semilog
linear regression of the terminal concentration-time data. Area
under the plasma level-versus-time curve (AUC, and AUCinf)
was calculated by the trapezoidal rule (3), from time 0 to time
t, last time of quantification. AUCi.f, extrapolated to infinity,
was calculated as AUC, x C(t)/ke, where t is the last time of
quantification and ke is the elimination rate constant estimated
by log-linear regression of the terminal curve, C = f(t). The
apparent clearance in plasma (CLp) was calculated as follows:
dose/AUCi.f (assuming complete bioavailability).
The amount of parent drug excreted in each urinary fraction

was used to compute the cumulative amounts excreted follow-
ing the single-dose administration of sparfloxacin. The renal
clearance was calculated as CLR = Aet/AUC,, where Aet is the
amount of drug excreted in urine over 0 to 120 h.

Total sparfloxacin was measured in plasma after alkaline
hydrolysis. The conjugated sparfloxacin levels were calculated
as total sparfloxacin minus parent sparfioxacin. Since spar-
floxacin is metabolized only to an acylglucuronide conjugate in
humans, it is assumed that (total sparfloxacin-minus-parent
sparfloxacin) levels represent levels of sparfloxacin which are
conjugated with glucuronic acid. The following pharmacoki-
netic data were computed with the results for conjugated
sparfloxacin: Cm., Tm., AUCt, and AUCinf.

Total sparfloxacin was measured after alkaline hydrolysis of
the urinary samples from all the subjects. As for plasma, it is
assumed that (total sparfloxacin-minus-parent sparfloxacin)
levels represent levels of sparfloxacin which are conjugated
with glucuronic acid. The CLR was calculated as CLR =
Aet/AUCt, where Ael is the amount of drug excreted in urine
over 0 to t h (t being the last quantification time for the renal
impairment patients and 48 h for the healthy subjects, because

after 48 h, only traces of sparfloxacin were detected in healthy
subjects' urine).

Statistical analysis. All results are expressed as means ±
standard deviations, except Tmn values, which are expressed as
median and range. Continuous variables Cm,,,, AUC, t112, and
clearance were analyzed by using the General Linear Model
procedure from SAS software (15) and then a Tukey test for
comparison. Tm. was analyzed by a rank procedure and
General Linear Model on ranks. A comparison was effected
between the three groups: group I renal impairment patients,
group II renal impairment patients, and healthy subjects.

Correlations between pharmacokinetic parameters of spar-
floxacin (AUC, CLp, CLR, nonrenal clearance, t112) and CLCR
of the renally impaired patients were determined by linear
regression analysis. For the metabolite pharmacokinetic data,
only AUC and CLR versus CLCR correlations were studied.
Only significant correlations are presented.

RESULTS

Clinical results. Sparfloxacin was very well tolerated by
volunteers and uremic patients. No adverse clinical effect was
noted, and no patients developed any biological abnormality.

Pharmacokinetic results. Mean levels of sparfloxacin in
plasma after a single oral dose of 400 mg, from healthy subjects
and group I and II patients, are illustrated in Fig. 1. Mean
pharmacokinetic parameters are provided in Table 2.
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FIG. 2. Sparfloxacin clearance versus CLCR in group I patients (A)
and group II patients (-). The subjects were given a 400-mg oral dose
of sparfloxacin. The regression equation found is as follows: CLR =
0.0095 CLCR + 0.2078; r2 = 0.43, r = 0.66, P > F = 0.0107. The 95%
confidence limit for the mean is indicated by the dashed lines.
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FIG. 3. Mean concentrations of conjugated sparfloxacin in the plasma of group I patients (A), group II patients (A), and healthy subjects (0).
The subjects were treated with a 400-mg oral dose of sparfloxacin.

Cma,x ranging from 1,094 to 1,426 ng/ml, and AUCinf
increased in renal impairment patients. However, Cm., Tm.,
and AUCi.f of the three groups showed no statistically signif-
icant differences because of the high interindividual variability,
especially of the AUC values, observed in patients. Mean t1,2 in
healthy subjects was 19.1 h. ti12 in renally impaired patients
averaged 34.9 h (group I) and 38.5 h (group II), which
represents significant increases of 83 and 102%, respectively,
above the values seen for healthy subjects. The CLp decreased
in groups I and II, and this difference between group II and the
healthy subjects was statistically significant. There was no
significant relationship between CLp and CLCR of patients,
which may be due to the narrow range of differences in CLR.
A slight decrease of nonrenal clearance for renal impairment
patients (13 and 30% for groups I and II, respectively)
compared with that for the healthy subjects was observed.
However, this decrease was not statistically significant and was
without relationship to CLCR. This means that the nonrenal
process for sparfloxacin elimination (mainly metabolism via
glucuronidation, biliary excretion, and possibly intestinal secre-
tion) was moderately modified in renally impaired patients.
The mean level of urinary excretion in renal failure patients
decreased significantly from 9.70% of the dose for healthy
subjects to 4.04 and 3.19% of the dose for groups I and II,

respectively. As shown in Table 2, large decreases in CLR (67
and 77%, respectively) in groups I and II, compared with that
for the healthy subjects, were observed. Sparfloxacin CLR was
correlated with CLCR of groups I and II as shown in Fig. 2.

Mean levels of conjugated sparfloxacin in plasma are illus-
trated in Fig. 3. The mean pharmacokinetic data are compiled
in Table 3. Mean Cm. (678 ± 180 and 981 ± 590 ng/ml)
represented approximately 47.5 and 74.5% of parent sparfloxa-
cin peak levels for group I and group II patients, respectively.
An important accumulation of the metabolite in plasma was
observed, with levels higher than those of the unchanged drug
in four of seven group II patients. Cm,: increased considerably
in group II patients, as did AUCinf, which increased approxi-
mately 3.7-fold in group I patients and 9.7-fold in group II
patients above values determined for the healthy subjects. The
statistical analysis showed a significant difference between the
three groups of subjects, but no evident relationship between
AUC and CLCR could be determined. t1.2 increased signifi-
cantly (55 and 129%) in the two renal impairment patient
groups. The urinary excretion of conjugated sparfloxacin de-
creased significantly in renal failure patients, ranging from
21.62% in healthy subjects to 9.78 and 8.39% in groups I and
II, respectively. A significant decrease in CLR was also ob-
served: it represented less than 10 and 4% of CLR observed for
healthy subjects. A correlation between the CLR and CLCR of
the patients was established (Fig. 4).

DISCUSSION

In healthy subjects, sparfloxacin was eliminated mainly via
nonrenal processes, since CLR of the unchanged drug ac-
counted for only 9.6% of CLp. CLR of the glucuronide was

TABLE 3. Mean pharmacokinetic parameters of conjugated sparfloxacin following oral administration of 400 mg of sparfloxacina

Cmax Tmax (h) AUC, AUCinf Urinary CLRGroup (ng/ml) tmedian (ng ,h/ml) (ng h/ml) (%excrin (ml/min)

I (n = 7) 678 ± 180 6 (2-24) 22,395 + 7,111 25,482* ± 7,165 23.7* ± 3.9 9.78a ± 4.29 31.5a ± 18.1
II (n = 7) 981 ± 590 12 (4-24) 52,384 + 36,909 64,943ab** ± 36,957 35.0 + 8.6 8.39a + 4.73 14.0a ± 7.2
III (n = 6) 353 ± 128 5 (2-16) NA 6,840 ± 4,284 15.3 ± 3.8 21.62 ± 3.79 327 ± 280

a Parameters given are means ± standard deviations. a, significantly different from healthy subjects (P < 0.05); b, significantly different from group I; *, n = 5; **,
n = 6. NA, not available.

b Ranges are indicated in parentheses.
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namely, no change in Cm. and increase of drug tl2 in renally
impaired patients, a possible therapeutic dosage regimen for
sparfloxacin in cases of severe renal failure could be a 400-mg
loading dose on day 1 followed by a 200-mg once-daily dose
every 2 days.
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